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continent where meteorological conditions can be more 
profitably studied, leading as they do to such far-reaching 
resid ts. 

It hap ens that within the past five years there have 

anticyclonic and cyclonic conditions in t.hese high 1nt.i- 
tudes. In December, 1917, t,he anticyclone was domi- 
nant in nort,hwest,ern America. In December, 1915, 
it was the cyclone which dominated and sout>herly and 
southwesterly winds prevailed t.hrough the Cansdim and 
American west even to the Great Lakes. 

In view of t-he facts I have out.lined, it, appears t,o me 
to be desirable that t.he number of stations in the Arctic 
Zone should be auwnentecl. The exist,in Alaskan st.&- 

Point, Barrow would be a, great, ac uisitinn. A few st.n- 
tions in northeastern Sibeiin woulc 1 be most, inst.nictire 
and one ho es that their est.a.blishment, will not be long 
delayed. 8 anada, as before st,at,ed, will t.his coming 
summer place wireless st,ntions at n few points in t,he vd- 
ley of the Mac!ienzie River and one hopcs t,hat. n couple of 
st.ations in Bs%n la.ntl will be in esistcnce within :t yea? 
or so. The North American stat.ions will then link up 
well with the Danish and Noiwegian stations of Green- 

been mar R ed examples of extreme t,ypes of both dominant 

tions m e  adniirabry situated, but nnot a er station at' 

land, Jan Mayen, Spitzbergen, and others, thus &ording 
splendid data for investigating chan es in the polar front. 

ological stations in high latitudes, I am not unmindful 
of the fact that a meteorological survey of the Pacific 
Ocean wibh its varying currents and temperatures may 
be even more important than a laud survey, as the varitl- 
tion in the intensity of Pacific cyclones may depend 
largely on vaiiat.ions in ocean temperat.ures. 

Assuniing now that t.he Fea t  importance of stations in 
the far northwestern portions of North America has been 
clemonstrat,etl, we might with erhaps equal certainty 
show that. wireless stat.ions on IEdson Bay and in B a n  
land would be most useful. When great antkyclones 
come in over mes tern America t,heir dominat.ing influence 
is usually lessening as they spread toward the Atlantic 
coast, and we find that some of the coldest waves in 
east>ern Cmada accompany hi h areas coinino in over 
Labrador, which high areas sevelop over tge north- 
eost.ern, not. the nort.hwestem, portion of t,he continent; 
ant1 spin thew IIudson Ray and Labrador high areas 
represent. t.he ronrlit.ioiis under which Atlant.ic coast, 
depressions are apt to develop, and moviiio northeast 
givr severe storma along the At.lantic steern&ip routes. 

While advocating an increase in t fl e number of meteor- 

FREQUENCY DISTRIRUTIONS OF DAILY AND HOURLY AMOUNTS OF RAINFALL AT OALVESTON, TEX. 
By I. I:. TANNEEILL, Mcteorologist.. 

(\Vesther Ij~irea!~, Galveston, Tex., December 15, 1922.1 

The rapidly-increasing use of ra.in insuranc.cl iiivit,es 
attention to the fre uency cti~trihut~ion of rainrdl. Tlierc 
has been cunsi<lerah f e discxssion of t.iiis sahject, in recent. 
years and little hope is offered €or n nirttlimiaticd soli:- 
tion. F'requency polygons :i.nd other grnphieiil s o l u t h ~ s  
have been presented sncl t h t w  are valuable in t.!iat. t h y  
disclose certain peculiarities in the frequency distribution 
of rainfall, perlitips local, wrIiich must be trtken ink) nc- 
count in any complete description of tha clini1Lt.e x n t l  
which would otherwise escspe attention. 

One of these pcculiaritics is the skewness (ir msym- 
metry of rainfall distributions.' The study of a wries of 
rainfall-frequency polygons s h o u ~  t.liut the distribution 
of annual miounts does not. conform to  tlir Inm of crrors: '? 

that negative departures occur s:)inc?wlin t niore frequently 
than positive and that the aniounb occurring with t h o  
greatest fre uency is less than the mean. In considers- 

is less symmetrical and niay be rni~ltimotlal.~ The fre- 
quency distribution of daily uiiiounts bears no resem- 
blance to the normal or Gaussian distribution of errox. 
It is best represented by ti J-shaped curve. 

Thus, we find that shorteniw the period of time in 
which the individual ainounts ?dl apparently increases 
the skewness or asymmetr;y of the distribution. 

Therefore the problem that c,onfronts tho insurance 
company in the establishment of rates for rain insurance 

'is the niost difficult, since hourly and daily amount,s are 
insured a.gainst and chiefly the foriner. 

We may obtain an averqe value of rain frequency for 
eitlier the day or the hour in any given locality. In the 
long run these averages will be borne out approximately. 
Rain insurance is not issued for all liours of the day and 
night with the same €requency, nor for all seasons with 

tion of mont ynl y amounts i t  is found that the distribution 

1 TolIey, Howard Ross: Frequency Curves of Climatic Data: l o .  WEATHER REV., 
November 1916 44: 634-642. * Jdarvin: Ch&s Frederlck Elementary Notes on Least Squareq, the Theory of 
Statistics and Cmelsrion for Meteorology and Agricnltore. Mo. WEATHER REV., Octo- 
ber 1916 4q 551-569. 

ah'&,  john R.: Climate of Binghsmton. N .  P., shown by the Histqram Method: 
Yo. WEATIIER REV., February, 1921,49: 53-62. 

the same frequency, and therefore the averages or means 
:ire not trus tworthy . 

Itgain. d l  amounts nf rain are not insured against. 
The policies usually limit the amounts to 0.10 inch or 
more, or to 0.20 inch or more. Another artificial limit 
has bcen introduced whic.h greatly complicates the 
pro blcm . 

In preparing tt t:tble of premium rahs for rain insur- 
ance the insurer depends upon the records of the Weather 
Rureau. Itain data are usually in the form of means 
i tnd  tut& together with rather limited information con- 
cerniiig the frequency of certain estremes or excessive 
miuunts. Because of the fact that the distributions of 
rain frequency are unsyminetrical in month1 and annual 
timciiints and adtogether asymmetrical in dai iy y mid hourly 
a.mounts? these means are of doubtful value in determin- 
ing the probability of occurrence of certain amounts. 

For csarn le, the Weather Bureau computes a normal 

he, say, 0.12 inch for January 1 m a given locality. This 
vdue, 0.12 inch, is of no particular value in determining 
the probabiliby of rain on Jmuary 1. At Gdveston the 
normal for January 1 is 0.15 inch. In the 50 years this 
station has been in operation, the amount 0.15 inch has 
never occurred on January 1. 

It. would be possible to compute a normal fall for each 
hour of the year. Such tt value would have no particular 
use. 
worthy conclusioii as to the amount or nniounts iy ikely trust- to 
occur with the greate.st fre uency and how is he to deter- 
mine the frequency with w 1 ich a certain amount will be 
esceeded ? 

Rate tables have been issued, however, and one com- 
an states that rain insurance is being written almost as 

free$ as fire insurance. Apparently these rat.es are based 
upon the frequency of days with 0.01 inch or more of pre- 
cipitation. 

In  the following, the fre uency of daily and hourly 

to Galveston, Tex., in the attempt to show that the aver- 

Fdl of rain P or each day in the yew. This moun t  may 

I-Iow, then, is the insurer to nrri-re at  an 

amounts of precipitation wil Y be discussed with reference 
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age frequency of any amount is not a reliable basis for 
determination of such rates and that the insurer must 
take into consideration at  least three facts: (1) That the 
frequency distribution of daily and hour1 amounts is 

gether trustworthy; (2) that mean rain intensity varies 
with time and lace and therefore the fre uency of any 

frequency of an other amount; (3) that rain frequency 

places and that the mammum frequency may be five times 
or more in excess of the minimum. 

In  the REVIEW for February, 1921, will be found the 
frequenc distributions of monthly rainfall at  Bin ham- 

rainfall. The frequency curve best fitting these data has 
been described as of the J-shape, though the curve which 
fits the frequency distribution of vmous percentages of 
cloudiness is more nearly t.he J-shape. 

asymmetrical and that the mean is there 9 ore not alto- 

iven amount o P rainfall is not a reliable in 8 ication of the 

exhibits a deci B ed daily march a t  Galveston and other 

ton, N. e .3 These histograms are characteristic o B daily 

FIG. l.--Fmquan:.v distrilrut.inn of hnwly amo~iiits of rahifall at Calveston, TRS.. 
during the year'lE1. Mrnri nl rneminhl~  hourly mnnriiitb was 0.14 inch. riirw 
fitted approxiriixt4v. 

In Figuro 1 is shown the frequency distrihut,ion of 
hourly amount,s of rainfall at  Galveston, Tes., during the 
year 1921. Though t.his is a short period used in the 

ouping, the clistiibut.ion ap rosimates the. form oi t.hc 

were rouped u t.o and inclu8ing 0.30 inch. The mean 

11 departures equal to t,he mean, or wit.h a departure of 
zero. On1 26 per cent of all departures were posihe.  

rences of a '' trace" of rainfall nor of hours with no rain, 
the latter two classes totaling more t,han 8,000. 

I t  is apparent that t,he nienn.hour1-y or mean daily rain- 
fall is of no value in determining t.he probability of rainfall 
on any particular clay or in m y  stated hour. 

Table 1 shows the average number of days in a mont,h 
at  Galveston, Tes., with 0.01 inch or more, 0.04 inch or 
more, 0.25 inch or more, and 1 inc.h or more, for summer 
and winter months, rou hl . This covers the 50-year 
period of observation at  %ageston. 

g i l y  distribution. In this R oure a total of 244 values 

of all % ourly fsl P s, t.otaling 255, is 0.14 inch. There were 

This distri L- ution does not include the number of occur- 

~- 
3 Weeks John R.: Climateof Binghamton N. P., shown by the Histogram Method; 

Mo. WEA;FIER REI. February, 1921, 49: 53-6!2. 

TABLE 1. 

It will be noticed that there is a eater frequency of 
days with 0.01 inch or more in Xvember to March, 
inclusive, but that the summer months show a greater 
frequency of the larger amounts. Therefore insurance 
rates based on the number of days with rainfall 0.01 inch 
or more for the several months will be in error because of 
the greater average rain intensity at  some seasons than 
others. 

One insurance company now makes a rate for insur- 
ance against amounts of 0.20 inch or more a t  Galveston 
in the nionth of November $4.98 per $100 and in Febru- 
ary $5.53 per $100. This is evident1 based on frequenq 
of days with 0.01 inch or more rain fy  all. 

Yet the 50-year record at  Galveston indicates that, 
t,hough 0.01 inch or more fell on 398 da s in November 
and 467 days in Februa , there were on& 133 days with 
0.25 inch or more in 3ebruar-j ngainst 165 days in 
November. That t,his is the case is indicated in Table 1, 
sliowing that it is not, fortuitous but is a characteristic of 
the setison. The average rain intensity in November is 
greater than in February. 

Thus we ctm not, accept the sverage daily or aver 
hourly fall as a criterion. Such averages are practical y 
wrort,hless because of the asymmetry of dail and hourly 
rainfall tlistributioiis. Inforniation as to t i e frequency 
of certain am0unt.s is required. 

Thou 11 we have tnbulttted the frequency of days with 

1 inch or more, these data are insufficient. The frequency 
of m y  one of these amounts is not a reliable indication 
of the frequency of any other amount. If we are con- 
cerned with the frequency of hourly or dnil falls of 
0.10 inch or 0.20 inch we must determine t g ese facts 
directly and not by assumption. 

Figure 2 shows the frecuencv of amounts of 0.01 inch 
nr  more at  Galreston, ?lex, for e.ac,h hour durin the 
months June, J u l ~ ,  August, and September in t % e 10 
years 1913 to 1923, inclusive. There is a very pronounced 
rlnily march of rain frequenc . The horizontal line a t  
frequency of 44 represents t K e average of hourly fre- 
cluenc.ies. It will be seen that rain frequency at  hours 
iisually named in olicies is considerably less than the 

indicated by consideration of the average number of 
days with 0.01 or more. 

The causes of this variation of rain frequency were 
esplained in t,he k1oNmrLs WEATHER &VIEW for Sep- 
tember,.' 1021, where a similar daily march of rain fre- 

There it was 
&own that the daily rise of the sea breeze about noon is 
sufficient to suppress convection. The mean hourly 
wind niovements at Galveston are also shown in Figure 
2,  indicating that the reduckion in rain frequency in the 
afternoon is clue to increased wind movement. Atten- 
tion is invited to the fact t-hat both at  G-alveston and 

T 

u.01 iric E or more, 0.04 inch or more, 0.25inchormore, and 

average and there P ore considerably less than would he 

uency at  Corpus Christi was discussed. 

- ~- 
4 Tannehill, I. R.: Wind Velocity and Rain Frequency @n the South Texsa Cmsk 

blo. WEATHER REV., September. 1921, 49: 4M-488. 
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Corpus Christi the frequency of rain begins to decrease 
when the wind movement has reached a value approxi- 
mately 12 to 13 miles er hour. 

Fi ure 3 shows the s ails march of rain frequency dur- 
ing t B e months of November, December, January, Feb- 

Thus it will be seen that the average number of days 
with 0.01 inch or more gives no indication of the relative 
frequencies of hourly amounts in summer months in the 
afternoon and early evening, for which hours rain insur- 
ance is usually issued. 

lh .  P.--Yeai hourlv wind velocity Odveston Tex.. June July d u y s t  and September, 1913-1P inclusive, and 
number of ocruriencrs of ~3111. O h  inch or &om, June, ?illy, kugust,’md September. 1913-19.2 -, inrlusive. 

HOURS ENLWNG 
A.M RM 

FIO. 3.-Hourlp frequencies of 0.01 inch or more rainfall in months of Karember December, Janilary, February, and 
Narch, for ICLyenr perind, November, 1912, t o  N&h, 192. 

RM 
HOURS ENDING 

A.M 
/ 2 3 4 5 6 7 8 9 /O / / N o o n /  2 3 4 5 6 7 8 9 /O / / M M  

FIG. I.--Number of occurrences of rainfall of mounts 0.10 inch or more, and 0.20 Inah or mom, during months 
of June, July, August, and September, h m  1913 to 1922, Inclusive. 

nary, and March. Occurrences of 0.01 inch or more in 
those months during 10 years, November, 1912, to March, 
1922, inclusive, were tabulated by hours. It will be 
noticed that there is a rather poorly defined daily march 
with the masimum fre uency about 9 a. m. The aver- 

e hourly frequenc 3 66 for that period is shown by 
xe. horizontal heavyyine. D u e g  the early evening there 
are slightly lower rain frequencies than the average. 

The error in this assumption is, however, somewhat 
more aggravated than these figures would indicate. The 
amounts insured against are usually 0.10 inch or 0.20 
inch. Fi ure 4 shows the hourly march of rain Ire- 

furing months of June, July, August, and 
the years 1913 to  1922, incluslve, and the 
were 0.10 and 0.20 inch or more. It will 

be seen that the march of hourly frequencies of 0.10 inch 
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or more and 0.20 inch or more is even more pronounced the frequencies at 9 a. m. and 9 p. m. differ by more than 
than that of 0.01 inch or more. 200 per cent. 
To illustrate this point, see Figwe 5 .  The mean In conclusion, it is evident that we can determine the 

frequencies for the day for each amount, 0.01 inch, 0.10 of any given amount in any stated Period in 
inch, and o.20 inch are as 100 per cent, and the only one way and that is by considering the individual 

occurrences of that amount in the stated period and 
There is a grow- hourly frequencies are shown in percentage of the average. 

~y this means it is easily seen that the amplitude of the ~~~~~~~ for infomation of tllis character, both for rain 
insurance and for agricultural pur oses. It is clearly 

If we use the number of days with 0-01 inch Or more in a evident that averages and means P or rainfall data are 
daily variation is greater for the larger amounts. 

month an indication of the frequency of 0.20 inch O r  not trustworthy as an indication of future occurrences. 
more in any period for which insurance is to be issued, Studies of this character bring to liaht certain peculi- 
we are assuming that the hourly frequency is a straight arities in the distribution of ramfall focally, not other- 
line as represented by 100 per cent in Figure 5 ,  whereas wise suspected. 

these values about a moan. 
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Fta. 5.-Hourly frequeucies cf 0.01 inch, 0.10 inch, and 0.m inch, espressed as perrcntage of the averago hourly Irequcney. 

LOWERING OF KANSAS RIVER CHANNEL AT TOPEKA, KANS. 
By S. D. FLORA, Meteorologist. 

[Weather Bureau, Topeka, Pans.. October 12. IS??.] 
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The frequent occurrence of record-breaking low stages 
in the Kansas River at Topeka without any apparent 
cause in the wa of diminished precipitation in the 
drainage basin o f  the stream led to an investigation 
which seems clearly to show a lowering of the river 
channel of about a foot in the past 5 years and sli htly 
more than 3 feet in the 18 years since the recorcfwas 
begun. Only stages for the 6 warm months, April to 
September, inclusive, of each ear were considered in 
the investigation, as the recordris not complete for all 
winter months. 

Two methods were used in this study. The first was 
the utilization of a “floating” 5-year average-that is, 
by obtaining the average stnges for successive 5-year 
periods from the beginnmg of the record and plotting 
them. (See fig. 1.) The second was the construction 
of a trend from a formula in use by statisticians, which 
has the advantage of making i t  ossible to plot the change 

The graph representing this trend was obtained by means 
of the accompanying table. 

It is interesting to note that the two methods corrob- 
orate each other closely. Figure 1 shows a lowering of 
the stage of 1.2 feet in the last 5 years of the record and 
Figure 2 a lowering of 0.95 feet, whilo from 1909-the 
first year for which a 5-year mean is available-to 1922 

from the first year of the recor 9 to the last. (See fig. 2.) 

1m ............................... 
1908 ............................... 
1917 ............................... 
1‘905.. ............................. 
19m ............................... 
19:o ............................... 
1911 ............................... 
1P12 ............................... 
1!113.. ............................. 
1811 ............................... 
1915.. ............................. 
1916 ............................... 
1917 ............................... 
1YIS ............................... 
1‘519 ............................... 
1910 ............................... 
1991 ............................... 
1UE ............................... 
Sum .............................. 
Average ........................... 

the change is 2.SO by Figure 1 and 3.66 by Figure 2. 
The straight-line trend extended to the first year of the 
record shows a total lowering of 3.42 feet in the stream 
channel in the 15 years under discussion. 

Table shouing b e n d  of river stages at Topeka, Kam. 
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